(19) 



J 



(12) 



(43) Date of publication: 

31.05.2000 Bulletin 2000/22 

(21) Application number: 99203784.6 

(22) Date of filing: 12.11.1999 



Europaisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 1 004 908 A1 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : Q02B 6/293, H04J 14/02 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Pianciola, Aurello 




MCNLPTSE 


27045 Casteggio (IT) 




Designated Extension States: 


• Scotti, Simona 




ALLTLVMKRO SI 


27058 Voghera (IT) 


(30) 


Priority: 27.1 1 .1 998 EP 981 22409 


(74) Representative: 






Marchi, Massimo, Dr. et al 


(71) 


Applicant: PIRELLI CAVI S.p.A. 


Marchl & Partners, 




20126 Milano (II) 


Via Pirelli, 19 






20124 Milano (IT) 



(54) Modular filter for extracting optical signals from, and/or Inserting them Into, multiple- 
wavelength optical telecommunications systems 



(57) Modular filter for extracting and/or inserting or 
processing optical signals in multiple-wavelength optical 
telecommunications systems, comprising a wavelength 
multiplexer/demultiplexer device having N first ports for 
receiving a multiple-wavelength signal and a number N 
of second ports into which the said wavelengths are 
divided, and H/2 branches which interconnect the said 



N second ports into which the said wavelengths are 
divided. In each of the said branches there is a signal 
processor device for extracting and inserting the wave- 
lengths circulating in the branch, this device comprising 
a wavelength-selective filter. 
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Description 

[0001] Trie present invention relates to an optical 
telecommunications system, for the transmission of a 
signal of the wavelength division multiplexing type, also 
called WDM, in which this signal can be extracted from 
the line in at least one of a plurality of intermediate sta- 
tions located along the telecommunications path, in the 
form of some of its wavelength components, which can 
if necessary be replaced by components having the 
same wavelengths or can be processed (amplified, 
equalized, etc.) and subsequently reinserted into the 
line by multiplexing in such a way that the new WDM 
signal is regenerated. These operations on the signal 
can also take place at terminal stations. 
[0002] For wavelength division multiplexing, or 
WDM, transmission, it is necessary to send a plurality of 
transmission signals, which are independent of each 
other, along the same line, consisting of optical fibres, 
by multiplexing in the optical wavelengths domain; the 
transmitted signals may be either digital or analog, and 
are distinguished from each other in that each of them 
has a specific wavelength which is different from those 
of the other signals. 

[0003] The implementation of this WDM transmis- 
sion requires the allocation of specific wavebands of 
predetermined width, called "channels" in the following 
text, to each of the signals having different wavelengths. 
These channels, each identified in the following text by 
a wavelength value, called the central wavelength of the 
channel, carry a signal having a certain spectral ampli- 
tude about the central wavelength value, which 
depends, in particular, on the characteristics of the laser 
source of the signal and on the modulation imparted to 
it to associate a data item with the signal. Typical values 
of spectral amplitude of the signal emitted by a laser, in 
the absence of modulation, are around 10 MHz; in the 
presence of an external modulation, at 2.5 Gbit/s for 
example, the spectral amplitude is approximately 5 
GHz. 

[0004] For transmitting signals in a large number of 
channels, making use of what is called the third trans- 
mission window of the optical fibres and of the pass 
band of the optical amplifiers, the wavelength separa- 
tion between the signals is conveniently of the order of 
nanometres. 

[0005] For the purposes of the present description, 
the WDM or multiple-wavelength signal is defined as the 
signal travelling along a single optical fibre and contain- 
ing at least two components having different wave- 
lengths. 

[0006] In a multiple-wavelenglh telecommunica- 
tions network, the said WDM signals can advanta- 
geously be extracted, particularly at the intermediate 
stations of the transmission line, for example at the sig- 
nal amplification stations, and signals having a different 
information content but the same wavelength can be 
inserted in their place. In this way, these stations 



become nodes at which the information passing along 
the line can be extracted, modified and/or replaced by 
terminal equipment or by a different network which com- 
municates with such nodes. 

5 [0007] In general, in a communications line, a 
device of this type for extracting optical channels from 
the line and inserting them into it, connected within an 
intermediate station, causes the formation of a node in 
the line in which the data can be redistributed and mod- 

w ified. 

[0008] A first technique for carrying out the opera- 
tion of extracting these signals from the telecommunica- 
tions line uses WDM signal demultiplexing devices 
which separate the various channels so that each is 

is sent along its own fibre. The extraction of the optical 
channels and the insertion by means of optical switches 
or combining devices suitable for the purpose takes 
place in these lengths of fibre. 
[0009] Patent EP 651528 (Siemens) describes an 

20 insertion and extraction filter comprising a first device 
for demultiplexing a WDM signal, which separates the 
various channels from each other and sends each of 
them along one length of optical fibre. In this length, 
each of the signals, each of which is contained in one 

25 channel, can be extracted individually by means of opti- 
cal switching devices and, simultaneously, a signal at 
the same wavelength can be reinjected into the same 
fibre. Additionally, any signal may simply pass through 
the length of optical fibre without undergoing mod'rfica- 

30 tions. All the channels reach the output of the fitter, after 
passing through a multiplexing device which recon- 
structs the WDM signal. 

[001 0] The applicant has observed that this type of 
technology presents problems caused principally by the 

35 difficulty of providing spectral compatibility between the 
demultiplexing device and the multiplexing device fol- 
lowing the extraction and insertion of the signals. This is 
because the demultiplexed signal generates a series of 
signals, each at a specific wavelength, which, after they 

40 have been extracted and replaced by signals at corre- 
sponding wavelengths where necessary, have to be 
multiplexed to reconstruct the WDM signal. The opera- 
tion described is efficient only if the multiplexing device 
and the demultiplexing device have perfectly matched 

45 wavelength responses. The matching may be degraded 
by many factors, for example different design character- 
istics, or a differential relative thermal variation between 
the two components. In practice, the separation of the 
two components which carry out the two functions of 

50 multiplexing and demultiplexing is critical in this configu- 
ration. 

[0011] A second technology integrates both of the 
said functions in a single component called a wave- 
length multiplexer/demultiplexer of the "Arrayed 
55 Waveguide Grating" type, referred to as AWG in the fol- 
lowing text, which enables a multiple-wavelength signal 
inserted in one of a plurality of input fibres to be demul- 
tiplexed and distributed among a number of output 
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fibres corresponding to the number of wavelengths of 
which the said signal consists, if provided with a plural- 
ity of wavelengths, the device is also capable of multi- 
plexing different channels and different wavelengths in a 
single output fibre. The mode of operation of these 
devices is described, for example, in the article by H. 
Takahashi et al., 'Transmission Characteristics of 
Arrayed Waveguide NxN Wavelength Multiplexer", J. of 
Light Techn., vol. 13, No. 3, March 1995, pp. 447-455. 
[0012] The said component has characteristic 
parameters which define the nature and number of the 
wavelengths which the component can separate; these 
parameters are the number of inputs and outputs, the 
wavelength spacing which must be present between 
two adjacent channels so that these can be separated, 
and the wavelength of the central channel of the band of 
channels which the component can process. 
[001 3] A further parameter of the AWQ is the FSR 
(Free Spectral Range) which represents the periodicity 
of an AWG. This is because the device is capable of 
extracting, at each individual output, a signal having a 
specific wavelength X and, also, signals having a wave- 
length X+nFSR, where n is a positive or negative inte- 
ger. This takes place at each output, and consequently 
the filter has a periodicity defined by the FSR. 
[001 4] A component of this type is available on the 
market (produced, for example, by NEL, PIRI, Hitachi, 
Lucent, etc.). An AWG is described, for example, in U.S. 
Patent 5600742. The AWQ generally comprises a 
number N of input fibres and a number N of output fibres 
for the signals. The component is bidirectional and 
therefore each of the input fibres may be used as an 
output fibre, and vice versa. 
[0015] The principal parameters which determine 
the performance of this component are the insertion 
loss (IL) and two noise contributions which are defined 
as "out-of-band crosstalk" and "in-band crosstalk". The 
former represents the contribution to an output of all the 
other wavelengths which nominally are not coupled to 
this output. The in-band crosstalk, on the other hand, is 
an interference system, having the same wavelength as 
the 6aid signal. This may be due, for example, to the 
presence of signals using multiple paths within the 
device. 

[0016] U.S. Patent 5,414,548 describes an inser- 
tion and extraction device which makes use of the char- 
acteristics of an AWG which can be used to demultiplex 
a multiple-wavelength signal inserted into one of a plu- 
rality of input fibres and to distribute it to a number of 
output fibres corresponding to the number of wave- 
lengths of which the said multiple-wavelength signal 
consists. 

[001 7] The said device comprises an AWG having a 
plurality of inputs and a plurality of outputs. The WDM 
signal is inserted into one of the inputs of the AWG in 
such a way that it generates a signal having a single 
wavelength at each of the corresponding outputs. Each 
of the said outputs is connected to a length of optical 



fbre through which the signal passes, and in which is 
located a switch which extracts and reinjects a signal 
having nominally the same wavelength in the said 
length of fbre. Each of the said lengths of fibre reinjects 

5 the signal into an input of the AWG. thus creating a con- 
figuration described as "loopback" because the output 
signal of the AWG is reinserted into the input. Ail the sig- 
nals reinjected into the input reconstruct the WDM sig- 
nal at one of the outputs of the AWG. 

w [001 8J The applicant has observed that a device for 
the extraction and insertion of optical channels with a 
configuration of the loopback type using an AWG with N 
inputs is capable of processing N-1 channels (conse- 
quently N-1 loopback channels are present). AWGs do 

is not have the same transfer characteristics for identical 
signals inserted at different inputs. This is because the 
best operating efficiency, in other words the minimum 
IL, in an AWG is obtained for signals which have the 
central wavelength of Ihe complete range which the 

20 component can process, and are therefore closest to 
N/2 at the inputs, which are numbered progressively 
from 1 to N. 

[0019] The applicant has observed that the losses 
due to the attenuation introduced by the oomponent for 

26 signals inserted into these inputs are smaller than those 
affecting the signals inserted into the outer inputs. Con- 
sequently, in a configuration of the loopback type, if the 
signals are separated and reinjected into corresponding 
identical oulputs and inputs, the non-uniformity of the 

30 paths is doubled. The applicant has found that, when a 
configuration of the loopback type is used, it is advanta- 
geous to select the input-output combinations in a suit- 
able way, in order to maximize the uniformity; this is 
possible only if FSR ■ N • AA, . where N is equal to the 

35 number of outputs and AK is the spacing between the 
wavelengths (channels) which the device can separate. 
The combinations usable with low non-uniformity are 
therefore limited and may not be those which are best 
for the purposes of optimizing the crosstalk perform- 

40 ance. The latter parameter, in fact, represents a consid- 
erable limitation on loopback configurations: this 
structure is intrinsically highly sensitive to the in-band 
crosstalk, which is the most critical factor for the per- 
formance of the system. 

46 [0020] The diagram in Figure 1, representing an 
AWG in loopback configuration according to the prior 
art, shows the generic path of a channel which enters 
at the port i, together with all the other channels of the 
WDM signal, and exits from the port k; this signal is 

60 nominally propagated in the path i-k, and then continues 
in the branch k-h in the loopback configuration and sub- 
sequently re-enters from the port h and finally exits from 
the port j. If a lkth j denotes the attenuations affecting the 
signal through the AWG, where, in particular, a* is the 

66 attenuation affecting the signal as it enters from the port 
i and exits from the port K and is the attenuation 
affecting the signal as it enters from the port h and exits 
from the port j, the level of in-band crosstalk generated 
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by the undesired contribution X^), in other words by 
the nominally cancelled part of the signal, at the wave- 
length X k , which is transmitted directly from the port i to 
the port j. is equal to: 



[0021] This is because all the crosstalk contribu- 
tions due to the residual signal propagated in the loop- 
back paths p-q are negligible by comparison with the 
direct contribution Xy. 

[0022] Assuming for simplicity that 
a, k = a^=a,j = a and X,,(a, k ) = X, and bearing in 
mind that for a commercial device it is possible that 
(X/a) dB = 25dB and 

(a)dB = 5 dB, we note that the in-band crosstalk for the 
configuration in Figure 1 will be equal to: 
(X/a = 20dB, a value which is insufficient to 
ensure transmission with a good signal-to-noi6e ratio. 
[0023] The article by O. Ishida et al., published in 
Photonics Technology Letters, vol. 6, No. 10, Oct. 1994, 
pp. 1219-1221, describes a multiple-selection switch 
using an AWG in a configuration called "foldback", in 
other words one in which the signals from other outputs, 
which have therefore already been selected in terms of 
wavelength, are reinserted into some outputs of the 
AWQ; this is done by means of branches consisting of 
lengths of fibre between which switching can be carried 
out in order to provide a 

2x2 switch operating by wavelength division. Each 
switch, in one state, generates a loopback configuration 
in the branch in which it is connected, and a foldback 
configuration in the other branch. The experiment dem- 
onstrated that the performance in the foldback configu- 
ration was better than that of the loopback configuration. 
[0024] The applicant has tackled the problem of 
providing a modular filter tor extracting and/or reinsert- 
ing or processing a desired number of channels at the 
node of an optical telecommunications network, in a 
configuration which enables the losses to be balanced 
and the crosstalk noise to be minimized for all the chan- 
nels making up the WDM signal. 
[0025] In particular, an efficient configuration which 
uses an NxN AWQ and is of the type described previ- 
ously as Tbldback" has been invented. In this configura- 
tion, in an AWG with N inputs and outputs, which can 
therefore separate N signals, each containing at least 
one wavelength, Q £ N/2 outputs are connected to the 
remaining Q outputs by means of Q branches, each 
comprising at least one length of fibre. A signal proces- 
sor device, comprising at least one filter with a spectral 
response such that it transmits the signal at the wave- 
length or wavelengths which nominally pass through the 
said branch and cancels the contributions at other 
wavelengths, is connected in at least one of the 
branches. 
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[0026] The applicant has found that in this way it is 
possible to obtain a significant reduction of the crosstalk 
of the AWG, and in particular of its in-band crosstalk. An 
attenuator which equalizes the recombined WDM signal 
5 may also be provided in the branch in question. If 
desired, the signal processor comprises a device for 
inserting and/or extracting signals in a corresponding 
branch. 

[0027] A first aspect of the present invention relates 
10 to an optical telecommunications system comprising: 

at least one transmission station capable of trans- 
mitting a multiple-wavelength optical signal com- 
prising at least two predetermined wavelengths; 
75 - a wavelength division multiplexer for sending the 
said transmission signals to an optical fbre trans- 
mission line; 

at least one station for receiving the said transmis- 
sion signals; 

20 - the said optical fibre line connecting the said trans- 
mission and receiving stations; 
a modular filter for extracting and/or inserting 
and/or processing optical signals, comprising: 

25 - a wavelength multiplexer/demultiplexer device 
having at least two first ports for connection to 
the said line and a number N of second ports 
into which the said wavelengths are divided; 
- a number Q, less than or equal to N/2, of 
30 branches which interconnect 2Q of the said N 

second ports into which the said wavelengths 
are divided, 

characterized in that at least one of the said branches 
35 comprises a signal processor device for at least one of 
the wavelengths circulating in the branch. 
[0028] In particular, the said modular fitter intro- 
duces an in-band crosstalk of the said multiple-wave- 
length optical signals of less than 40 dB. 
40 [0029] A further aspect of the present invention 
relates to a modular filter for extracting and/or inserting 
and/or processing optical signals, comprising: 

- a wavelength multiplexer/demultiplexer device hav- 
45 ing at least two first ports for a multiple-wavelength 

signal and a number N of second ports into which 
the said wavelengths are divided; 

- a number Q, less than or equal to N/2, of branches 
which interconnect 2Q of the said N second ports 

so into which the said wavelengths are divided, 

characterized in that it has, in at least one of the said 
branches, a signal processor device for at least one of 
the wavelengths circulating in the branch. 
55 [0030] Preferably, the said signal processor device 
comprises a wavelength-selective filter. 
[0031] Alternatively, the said signal processor 
device comprises an attenuator. 
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[0032] In particular, the said signal processor 
device comprises a switch. 

[0033] Preferably, the said signal processor device 
comprises: 

a first signal multiplexer/demultiplexer capable of 
separating the wavelengths of the signals from one 
of the said second ports into at least two branches; 

- a second multiplexer/demultiplexer capable of com- 
bining the said wavelengths of the signals from the 
two branches at another of the said second ports, 
a switch connected in at least one of the two 
branches. 

[0034] Alternatively, the said signal processor 
device comprises: 

a first signal divider device capable of dividing the 
signal injected into one of the said second ports into 
a first and a second branch; 
a filter tuned to a first wavelength and a switch con- 
nected in series in the first branch; 

- a filter tuned to a second wavelength different from 
the first, connected in the second branch ; 

a second signal divider device, capable of dividing a 
signal injected at another of the said second ports 
into the two branches, and of recombining the said 
signals. 

[0035] Preferably, the said N/2 branches are con- 
nected to the said device in such a way as to intercon- 
nect N/2 remote second ports. 
[0036] In particular, the said switch comprises two 
input ports and two output ports, and is capable of send- 
ing the signal passing through each of the two inputs 
selectively to either of the two outputs in response to an 
operating signal. 

[0037] In particular, the said wavelength multi- 
plexer/demultiplexer comprises an AWG having at least 
2 input ports and N output ports. 
[0038] Alternatively, the said signal processor 
device comprises an additional AWG having at least two 
input ports and N output ports. 
[0039] A further aspect of the present invention 
relates to a modular filter for generating optical signals 
for multiple-wavelength telecommunications systems, 
comprising: 

- a wavelength multiplexer/demultiplexer having at 
least a first port for receiving a wide-band signal 
and a number N of second ports in which the said 
signal is divided into at least N wavelengths and a 
third port for the output of the said optical channels; 

- a transmitter having a spectral amplitude greater 
than that of the said wavelength multiplexer/demul- 
tiplexer, 

characterized in that it has 
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N/2 branches which interconnect the said N second 
ports into which the said wavelengths are divided, and 
which are connected in such a way as to associate N/2 
remote ports with each other. 
[0040] Preferably, a wavelength-selective filter is 
connected in at least one of the said branches. 
[0041 ] Alternatively, an attenuator is connected in at 
least one of the said branches. 
[0042] in particular, a radio-frequency modulator is 
connected in at least one of the said branches. 
[0043] In particular, the said modulator is an elec- 
tro-optical modulator or an acousto -optical modulator. 
[0044] A further aspect of the present invention 
relates to a method for processing a multiple-wave- 
length signal, characterized in that it has the following 
stages: 

dividing the wavelengths of the said multiple-wave- 
length signal present at an input port of a wave- 
length multiplexer/demultiplexer device among a 
number N of intermediate ports, in 6uch a way that 
one or more nominal wavelengths are associated 
with each port; 

sending the said divided wavelengths to a number 
ol branches less than or equal to N/2; 

- extracting from at least one of the said branches at 
least one of the signals circulating in the branch; 

- selectively filtering in each branch the signals at the 
nominal wavelengths circulating in the branch in 
question; 

reinjecting these signals into a different intermedi- 
ate port of the said multiplexer/demultiplexer 
device; 

re-multiplexing the said signals at an output of the 
said multiplexer/demultiplexer device. 

[0045] In particular, the stage of selectively filtering 

in each branch additionally comprises the stage of 

attenuating the signals circulating in the branches, by a 

predetermined amount for each signal. 

[0046] In particular, the stage of reinjecting these 

signals comprises reinjecting these signals into a total 

of N/2 remote intermediate ports. 

[0047] A further aspect of the present invention 

relates to a method for reducing the crosstalk in an NxN 

AWG which processes a multiple-wavelength signal, 

characterized in that it comprises the following stages: 

- sending a multiple-wavelength signal to an input of 
the said AWG; 

- dividing the components of the WDM signal into a 
number N of output ports of the said AWG; 
sending the said divided wavelengths to N/2 
branches; 

- selectively filtering, in each branch, the signals at 
the nominal wavelength circulating in the branch in 
question; 

- reinjecting these signals by means of the said N/2 
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branches into the same AWG; 
- multiplexing the said signals by means of the same 
AWG; 

extracting the re-multiplexed multiple-wavelength 
signal from an output of the said AWQ. 

[0048] Further details may be obtained from the fol- 
lowing description, with reference to the attached draw- 
ings, which show: 

in Figure 1 , a general circuit of an AWQ in a config- 
uration of the "loopback" type, showing the cross- 
talk paths, according to the prior art; 
in Figure 2, a general circuit of a modular filter for 
processing the individual optical channels accord- 
ing to the present invention; 
in Figure 3, a signal processor device for extracting 
and/or inserting optical channels according to one 
embodiment of the present invention; 
in Figure 4, an operating circuit for the modular filter 
shown in Figure 2, in which the signal processor 
device is that illustrated in Figure 3; 
in Figure 5, a signal processor device for extracting 
and/or inserting optical channels according to a fur- 
ther embodiment of the present invention; 
in Figure 6, a signal processor device for extracting 
and/or inserting optical channels according to a fur- 
ther embodiment of the present invention; 
in Figure 7, an operating circuit for the modular filter 
shown in Figure 2, in which the signal processor 
device is that illustrated in Figure 5; 
in Figure 8, a modular filter for extracting and/or 
inserting optical channels with a plurality of stages, 
according to a further embodiment of the present 
invention; 

in Figure 9. a general circuit of an AWQ in a config- 
uration of the "foldback" type, showing the crosstalk 
paths; 

In Figure 10, a circuit of an experimental embodi- 
ment of a modular filter for extracting and/or insert- 
ing optical channels according to the present 
invention; 

in Figure 11, a circuit of an experimental embodi- 
ment of a signal processor device for extracting 
and/or inserting optical channels according to the 
circuit in Figure 5; 

in Figure 12, a spectral response of the wavelength 
combining (dividing) device used in the circuit in 
Figure 11; 

in Figure 13, a transmitter for WDM signals, using a 
modular filter according to the present invention. 

[0049] Figure 2 shows a modular filter comprising 
an AWQ 2 shown, by way of example, with N inputs and 
N outputs. To provide an example of the present inven- 
tion, the NxN AWQ is selected to have an 
FSR = N • AX , where AX is the separation between 
adjacent channels. It should be noted that the filter 



according to the present invention can be made with 
devices of the AWG type having any number of inputs 
and outputs. The number of inputs and outputs is 
related to the number of wavelengths which are to be 

5 processed by means of the filter. In particular, we shall 
consider by way of example a filter based on an NxN 
AWG and capable of operating on a WDM signal con- 
taining from N/2 to N wavelengths which are different 
from each other. Additionally, the filter is bidirectional, 

10 and therefore the input may be used as the output and 
vice versa. 

[0050] For the purposes of the present invention, 
the modular filter for extracting and/or inserting or 
processing optical channels in multiple- wavelength opti- 

15 cal telecommunications systems comprises a wave- 
length multiplexer/demultiplexer device having at least 
two ports, one for the input and one for the output of a 
multiple-wavelength signal, and a number N of ports 
into which the said wavelengths are divided. This oper- 

20 ation is carried out by an AWG, but other devices which 
carry out the same function can be used in an equiva- 
lent way. 

[0051] The WDM signal is inserted at one of the 
inputs A{ of this AWQ. and is distributed, according to 

25 the wavelengths which it contains, among M of the N 
outputs, where M = N/2...N , of the AWG 
[0052] Each of the branches comprises an optical 
path, for example one made from optical fibres. The 
optical connections between the branches B and the 

30 AWQ are made by known techniques which are known 
as "pigtailing" in the case of branches made from optical 
f fores. Similarly, the inputs of the AWG are optically con- 
nected to optical input paths such as, for example, the 
optical fibres A|, Ay connected to the AWQ by means of 

35 suitable "pigtailing". 

[0053] The N outputs U 1( U 2 ...Un of the component 
are interconnected by a number N/2 ol branches B 1( 
B 2 ...B m \ consequently forming what was previously 
defined as a "foldback" configuration. Owing to the peri- 

40 odicity properties of an NxN AWQ with FSR = N • AX , 
the selection of the input A) out of the N possible inputs 
determines the distribution of the wavelengths among 
the outputs. In the configuration in Figure 2, which is 
provided by way of example but is not exclusive, the out- 

45 put lit is connected to the output U N/2+1 through the 
branch B1, the output U2 is connected to the output 
U through the branch B 2 , and the output U N /2 is 
connected to the output U N through the branch B^. In 
each of the said branches there is a signal processor 

60 device Pv..Pn/2 wnicn be used t0 extract and/or 
insert and/or process individual components which form 
the WDM signal. For example, the device comprises a 
switch, a filter, a pair of optical fibre terminations, an 
attenuator or a further AWQ. Examples of such a device 

65 will be described in detail in the following text according 
to three corresponding embodiments, 6hown in Figures 
3, 5 and 6. 

[0054] The WDM signal is globally reconstructed 
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after the double passage in the AWG at one of the 
remaining in puis Au. 

[0055] The selection of the input fibres Ai and Au, 
and consequently of the connections between the out- 
puts, may advantageously be made according to the 
characteristics of the component, by calculating the 
paths inside the AWG of all the signals at individual 
wavelengths which make up the WDM signal, in such a 
way as to optimize the global attenuation of the filter and 
in such a way as to distribute this attenuation equally 
among all the paths (maximum uniformity). In particular, 
it is advantageously possible to interconnect pairs of 
equidistant outputs A, A^.^. The AWG component 
(with FSR = NxAX , where N is the number of ports and 
Ak is the spacing between the channels) used as a 
demultiplexer has a distribution of losses with a non-uni- 
formity which may be, for example, 2-3 dB; the configu- 
ration with pairs of equidistant outputs indicated above, 
whether a number of channels <= N/2 or a number of 
channels >Uf2 is to be processed, enables the non-uni- 
formity of the insertion losses IL at the output port to be 
reduced by at least half with respect to that of the AWG 
component used as a demultiplexer solely by selecting 
the ports Ai and Au in a suitable way. 
[0056] Additionally, by using fixed attenuators with 
suitable IL in the connecting branches Bj , B 2 ...B rv[/2 , it is 
also possible to compensate the insertion loss (up to 
less than 0.5 dB) in the different paths; by using devices 
having a spectral response such that the propagation of 
only the wavelengths required for the branch In question 
is permitted, and having a calibrated IL, rt is possible to 
suppress the crosstalk contributions as well as to equal- 
ize the losses. 

[0057] In order to achieve this, use is made of a pro- 
cedure which comprises: 

- the complete spectral characterization of the AWG 
(for example, in the case of an NxN type, N 2 spec- 
tral responses will be obtained) and the characteri- 
zation of the components (ag. switches, 
attenuators, and filters); 

- the simulation of all the possible configurations 
which can be obtained, according to the pair of 
ports Ai and Au, by connecting the output ports of 
the AWG (without any other component present in 
the branch), in terms of IL and contributions to the 
in-band crosstalk: 

- the selection of the optimal configurations in terms 
of IL and contributions to the crosstalk: the pair of 
ports Ai and Au is that which provides a minimum 
channel-by-channel insertion loss with the mini- 
mum non-uniformity. A check is also made to 
ensure that the contributions to the crosstalk do not 
exceed the values permitted by the system in which 
the module is to be connected (e.g., for the homo- 
dyne in-band crosstalk the worst case (sum of con- 
tributions in phase) is < -35 dB); 

- the insertion of selected components along the loop 



paths: it is necessary to determine which channel 
has the maximum value of IL with respect to which 
the difference of IL in each other channel is calcu- 
lated. 

5 

[0058] If the performance of the modular filter also 
requires the suppression of the crosstalk contributions, 
it is possible to connect filters having a bandwidth 
greater than or equal to the channel bandwidth of the 

10 AWG along the branches B^ , B 2 ...B Ny 2. This is because 
the spectral characteristics of the filter must be such 
that the band of the channels at the output of Au is not 
reduced with respect to the performance obtained for 
the double passage through the AWG; the maximum 

is bandwidth and the out-of-band profile depend on the 
required suppression of the crosstalk contributions. 
[0059] If, for example, 200 GHz grating interference 
f iters are to be used for a modular filter with an inter- 
channel spacing of 100 GHz, for each wavelength it is 

20 necessary to consider the contributions to the crosstalk 
which cannot be eliminated (in other words those due to 
direct crosstalk from the port Ai to Au and the contribu- 
tion at the same wavelength which is propagated along 
the same branch B ( in the opposite direction to the sig- 

25 nal) and the contributions which are propagated along 
the adjacent branches B M and B^, further attenuated 
by approximately 10 dB. With this selection, the band- 
width of the filter is such that the adjacent wavelengths 
spaced 100 GHz apart are attenuated by 9-10 dB with 

30 respect to the central wavelength, while those spaced 
200 GHz apart are reduced by approximately 35 dB. 
Therefore the contributions to the in-band crosstalk 
which are propagated along the remaining branches are 
entirely negligible. 

35 [0060] A filter as described above can advanta- 
geously be connected in a multiple-wavelength tele- 
communications system comprising two terminal 
stations, one for transmission and one for reception. 
[0061] In particular, the transmission station com- 

40 prises N>1 transmitters of optical signals, each at one 
wavelength. 

[0062] The number N of independent wavelengths 
used tor the signals of each transmission station, corre- 
sponding to the number of optical channels which can 

46 be used for transmission, can be selected according to 
the characteristics of the telecommunications system. 
[0063] The optical transmitters included in the 
transmission stations are transmitters with direct modu- 
lation or with external modulation, according to the sys- 

50 tern requirements; these requirements can be related, 
in particular, to the chromatic dispersion of the optical 
ffores of the system, to their wavelength and to the 
specified transmission speed. 
[0064] The output of each of the transmitters of the 

56 transmission stations is connected to a corresponding 
multiplexer which combines the corresponding optical 
signals and sends them to a single output which is con- 
nected to the input of optical power amplifiers. In gen- 
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era), the multiplexers are passive optical devices, by 
means of which the optical signals transmitted along 
corresponding optical fibres are superimposed in a sin- 
gle fibre; devices of this type consist, for example, of 
fused fibre, planar optic, micro-optic and similar cou- 
plers. 

[0065] An example of a suitable coupler is the one 
marketed under the symbol SMTC2DOOPH210 by E- 
Tek Dynamics Inc., 1885 Lundy Ave., San Jose, CA, 
USA. 

[0066] The power amplifiers raise the level of the 
signals generated by the transmission stations to a 
value sufficient to pass through the next length of optical 
fibre interposed before the reception station or before 
amplifier means maintaining a sufficient power level at 
the terminal to guarantee the required transmission 
quality. 

[0067] For the purposes of the present invention 
and for the application described above, a suitable 
power amplifier is, for example, a fibre optical amplifier 
of the commercial type, having an input power from - 
13.5 to -3.5 dBm and an output power of at least 13 
dBm. 

[0068] An example of a suitable model is the TPA/E- 
MW, marketed by the applicant, and using an active 
optical fibre doped with erbium. 
[0069] Each of the power amplifiers is then con- 
nected to a corresponding length of optical line, usually 
consisting of a single-mode optical fibre, of the step 
index type, inserted in a suitable optical cable, a few 
tens (or hundreds) of kilometres in length: for example, 
with the amplifier means described below and the indi- 
cated power levels, approximately 100 kilometres. 
[0070] At the termination of each of the said lengths 
of optical line there is one or more intermediate stations 
for amplifying the optical signal, each station comprising 
line amplifiers capable of receiving the signal which has 
been attenuated in its travel along the fibre, and of 
amplifying it to a sufficient level to be fed to a plurality of 
corresponding subsequent lengths of optical line, cover- 
ing the total transmission distance required until it 
reaches a preamplifier or a further amplification station, 
as appropriate. The term "preamplifier", in the context of 
the present invention, denotes an amplifier designed to 
compensate for the losses in the last length of optical 
line and the insertion losses in the subsequent demulti- 
plexer stages, in such a way that the signal entering the 
receiving stations has a power level suitable for the sen- 
sitivity of the device. The preamplifier also has the func- 
tion of limiting the dynamics of the signals, by reducing 
the variation of the power level of the signals entering 
the receiver with respect to the variation of the power 
level of the signals arriving from the transmission line. A 
type of preamplifier suitable for use for the preamplifiers 
is, for example, an optical amplifier using an erbium- 
doped active optical fibre of the commercial type, having 
a total input power from -20 to -9 dBm and an output 
power of 0-6 dBm. 



[0071] A suitable model is, for example, the RPA/E- 
MW, marketed by the applicant. 
[0072] The optical signals multiplexed at the output 
of the preamplifiers arrive at corresponding demultiplex- 

5 ers which are capable of separating the signals and 
sending them to N output optical fibres, according to the 
corresponding wavelengths, the signals then being 
transmitted to the corresponding N receivers present in 
the receiving station. An example of a demultiplexer 

w suitable for use in the present transmission system is 
the demultiplexer described in patent application 
EP854601 filed by the present applicant. 
[0073] If the optical signals to be transmitted are 
generated by signal sources which have their own 

is transmission characteristics (such as wavelength, type 
of modulation, power) which are different from those 
specified for the described connection, each transmis- 
sion station comprises interface units capable of receiv- 
ing the optical signals generated by the transmission 

20 stations, detecting them, regenerating them with new 
characteristics suitable for the transmission system, and 
sending them to the multiplexers. 
[0074] US Patent 5,267,073 in the name of the 
present applicant describes interfacing units compris- 
es ing, in particular, a transmission adapter capable of con- 
verting an incoming optical signal into a form suitable for 
the optical transmission line, and a receiving adapter, 
capable of reconverting the transmitted signal into a 
form suitable for a receiving unit. 

30 [0075] For use in the system, the transmission 
adapter preferably comprises an externally modulated 
laser as the output signal generation source. 
[0076] The present optical fibre telecommunica- 
tions system provides, in addition to the channels 

35 intended for the communication signals and made avail- 
able to the users, an independent channel for the trans- 
mission of service signals. A system comprising 
channels intended for service signals is described in US 
Patent 51 13459 in the name of the applicant. 

40 [0077] These service signals may be of various 
kinds, for example signals for the alarm system, for the 
monitoring or operation of equipment located along the 
line, such as repeaters or amplifiers, or for communica- 
tions between the maintenance personnel operating at 

45 one point of the line and an intermediate or terminal sta- 
tion of the line. 

[0078] In these cases, it is therefore necessary to 
introduce into the communication line further signals, 
which may be received and injected at any intermediate 
so station or at the terminal stations. These service signals 
are transmitted at a wavelength significantly different 
from the communication wavelength, in other words one 
which can be separated by means of a suitable dichroic 
coupler. 

65 [0079] Although the injection of the service signals 
into the optical line and their extraction from it are con- 
veniently executed at the terminal stations of the line 
and at the line amplifiers, as described above, dichroic 
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couplers and corresponding service signal receiving 
and transmission stations may also be introduced in any 
other position of the optical fibre line where they are 
required. 

[0080] Optical amplifiers generally comprise at 
least one active fibre doped with a rare earth, capable of 
amplifying the multiple-wavelength transmission signal 
in response to a supply of light radiation at a pumping 
wavelength. 

[0081] This pumping wavelength is different from 
that of the transmission signals and is produced by at 
least one pumping source of the said active fibre, having 
an optical power which can be controlled by a control 
unit of the station within which the amplifier is located; 
by way of example, this source may be a laser The 
amplifier also comprises a coupling device for sending 
the said pumping radiation and the said transmission 
signal into the active fibre. 

[0082] A modular filter according to the present 
invention may advantageously be connected along the 
said line at the intermediate amplifier stations to permit 
extraction from and/or insertion into one or more optical 
channels. 

[0083] Figure 3 shows an embodiment of the signal 
processor device P which comprises a switch S, having 
two inputs Ij and l 2 and two outputs E 1 and E 2 , which, 
in response to a suitable operating signal, is capable of 
sending the signal passing through each of the two 
inputs h or l 2 to one of the two outputs E 1 and E 2 selec- 
tively. The input h is suitable for connection to a source 
of an optical signal (not shown in the figure) modulated 
by a data element, for example a laser diode which may 
be associated with an optical modulator. The output E 2 
is designed to be connected to an optical receiver capa- 
ble of converting the optical signal into an electrical sig- 
nal carrying the same information. This switch therefore 
has two operating states: in one case, determined by a 
specified operating signal, a signal at a wavelength X\ 
inserted at the input h is sent to the output E 2 and a sig- 
nal V inserted at the input l 2 is sent to the output E-j; in 
the second case, with a different operating signal, the 
same input signals are inverted at the outputs. The 
switch is also connected in series to a selective filter 4 
having a spectral response such that the wavelengths 
necessary for the branch in question can be propagated 
and having an attenuation calibrated as described 
above for the equalization of the components of the 
WDM signal. The filters suitable for this purpose are 
wavelength-selective filters, for example those using in- 
fibre gratings to transmit a particular wavelength and 
reflect ail the others. Further types of filters suitable for 
the purpose are. for example, filters made by micro-opti- 
cal technology and interference filters. 
[0084] These devices may be selected in such a 
way that the switch with minimum IL is assigned to the 
wavelength of the channel which has the maximum IL: 
this path provides the insertion loss ILmax frorri Ai t0 
For each remaining wavelength, a component having an 



IL as close as possible to the difference between IL^x 
and the insertion loss due to the travel within the AWG 
will be connected. The switch S is connected in series 
with an attenuator A whose value of IL is selected by the 
5 procedure described above, or a filter F selected to 
have a bandwidth such that it eliminates the contribu- 
tions at wavelengths other than that which nominally cir- 
culates in the branch. 

[0085] In the example described, the switch is 

w advantageously used to carry out the function of extrac- 
tion and insertion of a WDM signal from and into a chan- 
nel. In this case, the extracted wavelength X\ must be 
nominally equal to the reinserted wavelength X{. 
[0086] A switch suitable for this function must con- 

15 form to the specific characteristics of the system in 
which the filter is connected, and therefore the switching 
rate depends directly on the maximum period of inter- 
ruption of a signal in the line which is permitted before 
the system detects an anomaly. For example, in the 

20 SDH communication standard this period is a maximum 
of 50 msec, and therefore the switch mu6t have a signif- 
icantly higher switching rate. For example, a thermal - 
optical switch provides a switching rate of the order of 2 
msec and an insertion loss of 0.5 dB, but its isolation is 

26 not very high, at 1 5 to 27 dB. 

[0087] An optomechanical switch provides a switch- 
ing time of approximately 10 ms, an insertion loss of 
approximately 0.5 dB and an isolation of more than 50 
dB. 

30 [0088] Figure 4 shows an operating circuit for a 
modular filter in an embodiment which comprises a sig- 
nal processor device of the type shown in Fig. 3 in each 
of the branches. 

[0089] This filter can process a WDM signal with a 
35 maximum of N/2 wavelengths (one channel only for 
each branch). 

[0090] By using a different channel processor, it is 
possible to extend the use of an NxN AWG in Toldback* 
configuration to process up to N channels. It should be 

40 noted that, if the number of wavelengths of the WDM 
signal is M, where N/2 < M <, N , there are two chan- 
nels at different wavelengths X<, and X ]+H/z propagated 
in opposite directions in M-N/2 of the branches Bi 
which form the Tbldback" paths. 

45 [0091] Figure 5 shows an embodiment of a signal 
processor device P which can advantageously extend 
the capacity of the modular filter from N/2 to N channels. 
This processor comprises a 1irst wavelength multi- 
plexer/demultiplexer Mi which separates into two 

so branches R 1 and R 2 signals at different wavelengths A, 
and X wm from a port H 1f and a second wavelength 
multiplexer/demultiplexer M 2 which recombines the sig- 
nals of the two branches and R 2 at a port H 2 . A 
switch S, of the type illustrated in Figure 3 and 

66 descrbed previously, which can extract and reinsert a 
signal at a given wavelength from and into the branch, is 
present in each of the two branches ^ and R 2 . 
[0092] In this device, therefore, two signals, having 
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two corresponding optical signals at different wave- 
lengths Xj and X , +N/2 which travel in opposite directions 
and are inserted, in the first case, at the port H 1 and, in 
the second case, at the port H 2 , are sent, in the first 
case (Xi), along the branch R 1( and in the second case 
(A,, +N/2 ) along the branch R 2 . In each of the said 
branches, the signal is extracted and inserted by means 
of a corresponding switch S. The processed signals are 
sent to the corresponding ports H 2 (Xi) and 

[0093] It should be noted that the operation of the 
signal processor device in Figure 5 is bidirectional; this 
ensures that the modular filter using these processors is 
also bidirectional, since the AWG is intrinsically a com- 
ponent having this characteristic. This is because the 
signals at the wavelengths X\ and X kN/2 travel in oppo- 
site directions to each other; the first wavelength multi- 
plexer/demultiplexer M 1 sends the signal at wavelength 
Xj along the branch and suppresses all the other 
components which may be present. In the opposite 
direction, the second wavelength multiplexer/demulti- 
plexer M 2 sends the signal at wavelength x l+N/2 along 
the branch R 2 in the opposite direction to the signal X\ 
and suppresses all the other components which may be 
present. 

[0094] Rgure 6 shows an alternative embodiment 
of the 6ignal processor device P in Rgure 5, which com- 
prises two signal division/combination devices and 
D 2 which respectively divide the power of the signal 
arriving from port H 1 and the signal arriving in the oppo- 
site direction from the port H 2l along the branches Ri 
and R 2 . A filter F [+N ^ tuned to a wavelength X UNI2 and 
a switch S of the type shown in Figure 3 are connected 
in series in the branch R 1 . A switch S of the type shown 
in Figure 3 and a filter F| tuned to a wavelength X\ are 
connected in series in the branch R 2 . The devices D1 
and 02 then operate to recombine the signals from Ri 
and R 2 respectively at the outputs H 1 and H 2 . Conse- 
quently, a signal having a wavelength ^ inserted at the 
port H 1 is divided into both branches Ri and R 2 ; in the 
branch there is a filter tuned to the wavelength of the 
signal X uwz which therefore suppresses the signal X\ 
before it reaches the switch S; in the branch R 2 , the sig- 
nal X\ is processed, as described previously, by the 
6wrtch S and passes unchanged through the filter F; and 
emerges from the output H 2 , through D 2 . The signal at 
X ww2 is processed in a similar way along the path R-j 
and is suppressed in the path R 2 . The signal divi- 
sion/combination devices D h D 2 are, for example, fused 
fibre or planar optics dividers. 
[0095] The filters F-, and F l+N/2 are wavelength- 
selective, using, for example, in -fibre gratings to trans- 
mit a particular wavelength and reflect all the others. 
Further types of filters suitable for the purpose are, for 
example, filters made by micro-optical technology and 
interference filters. 

[0096] In the preceding embodiments shown in Fig- 
ure 5 and Figure 6 there are filters (IV^ , M 2 in Fig. 5 and 



F i- f u-n/2 ln R Q- 6 ) wnicn suppress the crosstalk 
according to the present invention. In the embodiment 
shown in Figure 5, the wavelength multiplexers^ emulti- 
plexers Mj . M 2 separate the two wavelengths circulating 
5 in this branch, each in its direction of propagation, and 
cause the substantial suppression of all the others. Sim- 
ilarly, in the embodiment shown in Figure 6 the filters F; 
and F kN/2 suppress all the signals at wavelengths 
other than those which nominally circulate in the 
to branch, namely X WW2 and X\> and consequently sub- 
stantially reduce the crosstalk and equalize the remulti- 
plexed signal after insertion into the AWG. 
[0097] Figure 7 shows an operating circuit for a 
modular filter in an embodiment operating on N wave- 
rs lengths which comprises signal processor devices of 
the type in Figure 5. 

[0098] In this case also, the input and output are 
selected in such a way that X\ is present at the output Uj. 
By using a number j < N/2 of signal devices of the type 

20 shown in Figure 5 and, for example, using N/2-j other 
signal processing devices of the type shown in Figure 3, 
it is similarly possible to construct a modular filter capa- 
ble of operating at N/2+j predetermined wavelengths. 
[0099] In all the preceding configurations, if the 

25 operation of extracting the channels and reinserting 
them into the line has not been carried out on all the 
channels which travel along the line, and consequently 
if the signal processor P is not connected in all the 
branches B, or if processors P whose degrees of atten- 

30 uation differ from each other are present in some 
branches, in order to counterbalance in power terms the 
losses introduced in the channels which are extracted, it 
is possible to connect in the branches not containing the 
processor device P an attenuator with its attenuation 

35 determined in such a way as to keep the output chan- 
nels balanced. A similar attenuator can also be associ- 
ated with the extracted channels or with those to be 
inserted, to adapt their power in accordance with the 
subsequent use. 

40 [0100] The signal processors Pi-..PNy2 present in 
one or more branches, shown in Figures 5 and 6 and 
described previously, are capable of extracting and 
inserting the signals travelling in both directions in the 
branch in question. 

45 [0101] The configuration described can also be 
extended advantageously to the case in which an NxN 
AWG is used and a number of channels M, which is 
greater than the number of ports N of the AWG, is to be 
processed. 

so [01 02] This is because an advantageous character- 
istic of the filter according to the present invention is its 
modularity. The "foldback" configuration makes it possi- 
ble to use a cascade of AWGs connected in a multiple- 
stage configuration. At each stage, the channels are 

65 divided into groups containing a sub-multiple of the 
channels which enter this AWG stage, until all the chan- 
nels separated from each other individually or in pairs 
for each foldback path (Bj in Figure 2), and therefore 



10 



19 



EP1 004 908 A1 



20 



processed by one or more processor units similar to 
those in Figure 3, 5 or 6, are obtained in the final stage 
with the outputs connected in foldback. The separation 
takes place progressively from one stage to the next. In 
this embodiment, in order to process a WDM signal hav- 
ing N components at different wavelengths, it is neces- 
sary to use AWQs with a number of ports Nj which may 
be considerably smaller (o M/2) than the number of 
channels M, and this configuration may therefore be 
extended to WDM signals with an arbitrarily large 
number of channels. 

[0103] Figure 8 shows a configuration of this type 
illustrated by way of example with a WDM signal which 
comprises 8 different components X^ . . .X 8 . In this config- 
uration, there are three AWGs with N| ■ 4 outputs and 
four signal processor devices according to Figure 5. In 
particular, a first stage contains an AWG 4 with 
FSR = 4 * AX 4 , where AX4 is the spacing between the 
channels of the WDM signal at the input of the said 
AWG. The WDM signal is sent to the input Aj of this 
AWG and, having been reprocessed and after insertion 
and extraction, exits from the port A 3 . This AWG sepa- 
rates the channels into pairs N/2 channels apart at each 
of the outputs U 1 ...U 4 . Each of the first two pairs of sig- 
nals X 1f X5, and X3, X7 is sent to an input of a second 
AWG 6 which acts on beams whose spacing is twice 
that of the AWG 4; this second AWG has an 
FSR 2 = 4xAX 6 , where AX 6 = 2 • AX 4 . Similarly, each 
of the pairs of signals X 2 , h> a nd *-e 5s sent to an 
input of a further AWG 8 with spacing characteristics 
and FSR similar to those of the AWG 6. The two AWGs 
6 and 8 which form the second stage of the filter have, 
at their outputs, connections of the "foldback" type along 
which are propagated, in opposite directions, two chan- 
nels which are then processed by a signal processor 
device as shown in Figure 5 or Figure 6, which extracts 
and inserts the channels in a way similar to that 
described with reference to the filter in Figure 7. 
[0104] The configurations of the "forbade" type 
according to the invention not only make tt possible to 
obtain filters with a high uniformity of channel loses, but 
also offer considerable advantages for the crosstalk per- 
formance by comparison with the preceding configura- 
tions of the "loopback" type. 

[01 05] Figure 9 shows the generic path of a channel 
in a configuration of the "foldback" type in which the 
WDM signal is inserted at the port i and passes initially 
into the AWG 2, after which the signal having a wave- 
length X|< exits from the port k and is reinjected into the 
AWG at the port h by means of the branch k-h; the 
reconstructed WDM signal then exits at the port j and 
also includes all the noise contributions generated by 
the in-band crosstalk. 

[01 06] By comparison with Figure 1 , it may be dem- 
onstrated that ail the more significant in-band crosstalk 
contributions are of the second order, in other words 
generated by a double passage along paths in which 
the signal is nominally cancelled; additionally by using 



signal processor devices of the type shown in Figure 5 
or 6, it is possible to select the spectral response of the 
wavelength multiplexer/demultiplexers Mi and M 2 
shown in Figure 5 and of the filters Fj and F j+N ^ shown 

5 in Figure 6 in such a way as to inhibit all the contribu- 
tions XipqjlXk) shown in Figure 9, where Xp^faj repre- 
sents the noise contribution at the wavelength \ which 
is sent from the port i to another generic port p, and 
which, when reinserted into the AWG at the port q by 

10 means of the branch p-q, is superimposed at the output 
port j on the signal at the same wavelength. 
[0107] Therefore the dominant contributions of in- 
band crosstalk in a circuit of the "foldback" type are: 

[01 08] The first contribution is defined as being due 
20 to what is called the "inverse path", in other words the 
path followed by part of the signal at the wavelength x^ 
in the direction opposite the signal at the same wave- 
length in the branch B; the second contribution is due to 
the input-output directivity, in other words the part of the 
26 signal at the wavelength X* which is nominally cancelled 
and is coupled directly from the input port to the output. 
[0109] Generally, x ih (X), Dy(X) and cq k are substan- 
tially uniform regardless of the variation of the indices 
and of the wavelength in the working band of the AWGs. 
30 The typical values are indicated as x, D and a respec- 
tively. 

[0110] Given the typical values of D, a and X/a in 
commercial devices, we find that both contributions are 
30 dB greater, and therefore their effect is negligible, 
35 since the critical limit for the systems is estimated to be 
approximately 25 dB. 

[0111] The modular filter whose configuration is 
shown in Figure 10 was constructed for experimental 
purposes; it is an embodiment of a combination of the 

40 circuits shown in Figure 4 and Figure 7. 

[0112] This modular filter consists of an 8x8 AWG 2, 
made by PIRI (USA), of the narrowband type (band at 3 
dB = 40% of the channel spacing), capable of process- 
ing wavelengths with a spacing of 1.6 nm (200 GHz); 

45 the FSR of the AWG is 8 x 1.6 = 12.8 nm. The ports 
selected for the input and output of the constructed 
modular filter are 2 and 6 respectively; the other ports of 
the AWG, located on the same side as the input and 
output, are terminated with adapters 3 in such a way as 

50 to prevent undesired reflections. 

[0113] The WDM 6ignal used for the experiment 
consisted of 5 channels spaced 1.6 nm apart; having 
the following wavelengths in nm: 

65 X t : 1550.92 
X 2 : 1552.52 
X 3 : 1554.13 
X 4 : 1555.75 
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X 5 : 1557.36 

[0114] With this selection of the input and output, 
the following connections are made at the outputs of the 
AWG, as shown in Figure 10: s 

U5-U1 (X 1t X5); U 6 -U 2 (Xg); U7-U3 (X3); U 8 -U 4 (X4). 



Table 1 



[01 1 5] Since one of the f oldback branches has two 
channels passing through it in opposite directions of 
propagation, a processor device of the type shown in 
Figure 5 is used in this branch, while a device of the 
type shown in Figure 3 is sufficient for all the other 
branches. 

[0116J In particular, the branch 5-1 has the wave- 
length Xj, propagated from the port 5 to the port 1 , and 
the wavelength X5, propagated in the opposite direction. 
The other wavelengths are processed by the other 
branches as shown below: 

X 2 : from U 6 to U 2 
X 3 : from U 7 to U3 
X 4 : from Ue to U4 

[01 17J The processor device F used in the branch 
having two wavelengths is constructed as shown in Fig- 
ure 11. The WDM units 5 and 7 (multiplexers/demulti- 
plexers) which are used are interference devices 
marketed by JDS; in particular, Figure 12 shows the 
transfer function of the multiplexer/demultiplexer device 
5 whose central wavelength is X1. The reflection inser- 
tion loss (IL) is indicated by the curve 1 21 and the trans- 
mission insertion loss is indicated by the curve 122. 
[0118] "Die optical switches 9 and 11, like the 
switches 13 in Figure 10 which are used in the other 
branches of the modular lilter, are of the 2x2 optome- 
chanical type, and are again marketed by JDS. The 
measured optical loss of the signal in the pass branch 
(in Figure 1 1 : R1 for and R2 for X5) is 2.3 dB. 
[01 1 91 The in-band crosstalk generated by the pas- 
sage of the signals through the nominally isolated 
branches (in Figure 1 1 : R1 for X 5 and R2 for X0 is 40.7 
dB. 

[01 201 With reference to Figure 1 0, the fixed attenu- 
ators 15, having a value of 2 dB and produced by 
TELE.S (Italy), have been introduced into the branches 
having single wavelengths, in series with the switches, 
in order to balance the losses in these branches with 
respect to the branch containing the processor of the 
type shown in Figure 5. 

[01 21 1 The measured performances of the modular 
filter are summarized in the following Table 1, where IL 
is the loss of the optical input-output path, XTL is the in- 
band crosstalk contribution of the 2nd order due to what 
is called the "inverse path" shown in Figure 9, and DXT 
is that due to the directivity between the input and out- 
put: 
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[01 22] As will be noted, the losses are uniform over 
all the channels and the in-band crosstalk contributions 
are much better than the critical limit for the systems. 
[0123] In an alternative configuration, a modular fil- 
ter according to the present invention may have N/2 
foldback branches Bj on the N outputs, arranged in such 
a way that they interconnect the remote ports positioned 
N/2 apart, in which branches no 6ignal processor device 
is present. These branches return the signal leaving 
from one port to the port connected to it by the corre- 
sponding branch. When a wide-band light source is 
connected to one of the input ports of the AWG, this 
source preferably having a spectral width greater than 
that of the AWG, a multiple^wavelength signal is gener- 
ated on the remaining input port, the components of this 
signal being determined by the characteristics of spec- 
tral response of the AWG. 

[0124] This configuration is shown in Figure 13, in 
which a wide-band transmitter T is connected to an 
input port of an NxN AWG 2 whose N output ports 
Ui...Un are connected in the previously described fold- 
back configuration, forming N/2 branches B-j.-.Bm^. In 
each of the branches, according to the present inven- 
tion, there is a signal processor device P-i-Pt^ which 
comprises an attenuator or a filter with a spectral 
response such that the wavelengths necessary for the 
branch in question can be propagated and with inser- 
tion losses calibrated in such a way that the suppression 
of the crosstalk contributions is possible in addition to 
the equalization of the losses. It is therefore possible to 
generate a multiple-wavelength signal by using an AWG 
in foldback configuration and a wide-band light source. 
[0125] Additionally, if a modulator which superim- 
poses a data element at radio frequency on the signal 
circulating in the branch is connected in an advanta- 
geous way in each fold back branch Bj or alternatively in 
some branches only, this will produce a multiple-wave- 
length signal transmitter for a telecommunications line. 
The said modulator is an external modulator, in other 
words a modulator in which the information is superim- 
posed on a pre-existing optical signal, in this case the 
signal circulating in the branch. A modulator of a known 
type suitable for this purpose is, for example, an electro- 
optical modulator, in particular a modulator of the Mach- 
Zehnder type, or alternatively an electro-absorption 
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modulator or an acousto-optical modulator. 
Claims 

1 . Optical telecommunications system comprising: 5 

at least one transmission station capable of 
transmitting a murtiple-wavelength optical sig- 
nal comprising at least two predetermined 
wavelengths; 10 

• a wavelength division multiplexer for sending 
the said transmission signals to an optical fbre 
transmission line; 

■ at least one station for receiving the said trans- 
mission signals; is 

• the said optical fibre line connecting the said 
transmission and receiving stations; 

• a modular filter for extracting and/or inserting 
and/or processing optical signals, comprising: 

20 

a wavelength multiplexer/demultiplexer 
device having at least two first ports for 
connection to the said line and a number N 
ol second ports into which the said wave- 
lengths are divided; 26 
a number Q, less than or equal to N/2, of 
branches which interconnect 2Q ol the 
said N second ports into which the said 
wavelengths are divided, 

30 

characterized in that at least one of the said 
branches comprises a signal processor device for 
at least one of the wavelengths circulating in the 
branch. 

35 

2. System according to Claim 1, characterized in that 
the said modular filter introduces an in-band cross- 
talk of the said multiple-wavelength optical signals 
of less than 40 dB. 

40 

3. Modular filter for extracting and/or inserting or 
processing optical signals in multiple-wavelength 
optical telecommunications systems, comprising: 

a wavelength multiplexer/demultiplexer device 45 
having at least two first ports for a multiple- 
wavelength signal and a number N of second 
ports into which the said wavelengths are 
divided; 

a number Q, less than or equal to N/2, of so 
branches which interconnect 2Q of the said N 
second ports into which the said wavelengths 
are divided, 

characterized in that it has, in at least one of the 65 
said branches, a signal processor device for at least 
one of the wavelengths circulating in the branch. 



4. Modular filter according to Claim 3, in which the 
said signal processor device comprises a wave- 
length-selective filter. 

5. Modular filter according to Claim 3, in which the 
said signal processor device comprises an attenua- 
tor. 

6. Modular filter according to the preceding claims, in 
which the said signal processor device comprises a 
switch (S). 

7. Modular filter according to Claims 3 to 5, in which 
the said signal processor device comprises 

- a first signal multiplexer/demultiplexer (M0 
capable of separating the wavelengths of the 
signals from one of the said second ports (HO 
into at least two branches (R-i) and (Rg); 

- a second multiplexer/demultiplexer (M 2 ) capa- 
ble of combining the said wavelengths of the 
signals from the two branches (RO and (R2) at 
another of the said second ports (H 2 ); 

• a switch (S) connected in at least one of the 
two branches (RO and (R 2 ). 

8. Modular filter according to Claims 3 to 5, in which 
the said signal processor device comprises 

- a first signal divider device (DO capable of 
dividing the signal injected into one of the said 
second ports (HO into a first branch (RO and a 
second branch (R2); 

- a filter (F|) tuned to a first wavelength and a 
switch (S) connected in series in the first 
branch (RO; 

- a filter (Fj) tuned to a second wavelength differ- 
ent from the first, connected in the second 
branch (Rg); 

- a second signal divider device (D 2 ), capable of 
dividing a signal injected at another of the said 
second ports (H 2 ) into the two branches (RO 
and (R 2 ), and of recombining the said signals. 

9. Modular filter according to the preceding claims, in 
which the said N/2 branches are connected to the 
said device in such a way as to interconnect N/2 
remote second ports. 

10. Modular filter according to the preceding claims, in 
which the said switch (S) comprises two input ports 
Oi) and (l 2 ) and two output ports (E-,) and (E 2 ), and 
is capable of sending the signal passing through 
each of the two inputs (10 or (1^ selectively to 
either of the two outputs (EO and (E^ in response 
to an operating signal. 

11. Modular filter according to Claim 3, in which the 
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said wavelength multiplexer/demultiplexer device 
comprises an AWG having at least 2 input ports 
and N output ports. 

12. Modular filter according to Claim 3, in which the 
said signal processor device comprises an addi- 
tional AWG having at least two input ports and N 
output ports. 

1 3. Modular filter for generating optical signals for mul- 
tiple-wavelength telecommunications systems, 
comprising: 

a wavelength multiplexer/demultiplexer device 
having at least a first port for receiving a wide- 
band signal and a number N of second ports in 
which the said signal is divided into at least N 
wavelengths and a third port for the output of 
the said optical channels; 
a transmitter having a spectral amplitude 
greater than that ol the said wavelength multi- 
plexer/demultiplexer device, 

characterized in that it has 
N/2 branches which interconnect the said N second 
ports into which the said wavelengths are divided, 
and which are connected in such a way as to asso- 
ciate the N/2 remote ports with each other. 

14. Modular filter for generating optical signals accord- 
ing to Claim 13, in which a wavelength-selective fil- 
ter is connected in at least one of the said 
branches. 

1 5. Modular filter fa generating optical signals accord- 
ing to Claim 1 3, in which an attenuator is connected 
in at least one of the said branches. 

16. Modular filter for generating optical signals accord- 
ing to Claim 13, in which a radio-frequency modula- 
tor is connected in at least one of the said 
branches. 



at the nominal wavelengths circulating in the 
branch in question; 

- reinjecting these signals into a different inter- 
mediate port of the said multiplexer/demulti- 

s piexer device; 

re-multiplexing the said signals at an output of 
the said multiplexer/demultiplexer device. 

18. Method for processing a multiple-wavelength signal 
10 according to Claim 17, characterized in that the 

stage of selectively filtering in each branch addition- 
ally comprises the stage of attenuating the signals 
circulating in the branches, by a predetermined 
amount for each signal. 

15 

19. Method for processing a multiple-wavelength signal 
according to Claim 17, characterized in that the 
stage of reinjecting these signals comprises rein- 
jecting these signals into a total of N/2 remote inter- 
so mediate ports. 

20. Method for reducing the crosstalk in an NxN AWG 
which processes a multiple-wavelength signal, 
characterized in that it comprises the following 

25 stages: 

sending a multiple-wavelength signal to an 
input of the said AWG; 

- dividing the components of the WDM signal 
30 into a number N of output ports of the said 

AWG; 

sending the said divided wavelengths to N/2 
branches; 

- selectively filtering in each branch, the signals 
35 at the nominal wavelength circulating in the 

branch in question; 

reinjecting these signals by means of the said 
N/2 branches into the same AWG; 

- multiplexing the said signals by means of the 
40 same AWG; 

- extracting the re-multiplexed multiple-wave- 
length signal from an output of the said AWG. 



17. Method for processing a multiple-wavelength sig- 
nal, characterized in that it has the following stages: 45 



- dividing the wavelengths of the said multiple- 
wavelength signal present at an input port of a 
wavelength multiplexer/demultiplexer device 
among a number N of intermediate ports, in so 
such a way that one or more nominal wave- 
lengths are associated with each port; 

sending the said divided wavelengths to a 
number of branches less than or equal to N/2; 

- extracting from at least one of the said ss 
branches at least one of the signals circulating 

in the branch; 

selectively filtering in each branch the signals 
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